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(54) Apparatus for controlling electric generator of hybrid drive vehicle to control regenerative 
brake depending upon selected degree of drive source brake application 



(57) Apparatus for controlling a drive source brake 
force to be applied to a hybrid drive vehicle including an 
engine (10). an electric motor (12), and a transmission 
(26), the apparatus including a manually operated 
member (88) for selecting one of different degrees of 
application of a drive source brake to the vehicle, an 
electric generator (12) driven by a kinetic energy of the 
vehicle to generate an electric energy and apply as the 
drive source brake a regenerative brake force corre- 
sponding to the generated electric energy to the vehicle, 
and an electricity generation control device (64, Q2-4, 
Q2-5, Q2-6) for controlling the electric energy gener- 



ated by the electric generator, depending upon the 
selected degree of the drive source brake application. 
The apparatus may include a shift control device (64, 
Q2-8, Q2-9, Q2-10) for changing the speed ratio of the 
transmission so that an engine brake force produced by 
the engine as the drive source brake is controlled 
depending upon the selected degree of the drive source 
brake application. The regenerative brake or engine 
brake is selectively applied depending upon stored elec- 
tric energy amount. 
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Description 

The present application is based on Japanese Pat- 
ent Application NO. 8-89440 filed April 11, 1996, the 
content of which is incorporated hereinto by reference. s 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates in general to a hybrid 
drive motor vehicle, and more particularly to an appara- 
tus for controlling a drive source brake (an engine brake 
and a regenerative brake) to be applied to such a hybrid 
drive motor vehicle by utilizing an electric generator. 

Discussion of the Related Art 

There is known a hybrid drive motor vehicle includ- 
ing (a) a drive power source including an engine oper- 
ated by combustion of an engine, and an electric motor 
operated by an electric energy stored in an electric 
energy storage device, and (b) an automatic transmis- 
sion which is disposed in a power transmitting path 
between the engine and drive wheels of a motor vehicle 
and whose speed ratio is variable. For such a hybrid 
drive motor vehicle, there is known an engine brake 
control apparatus including (i) engine braking degree 
selecting means for selecting one of a plurality of 
degrees of engine brake application to the motor vehi- 
cle, and (ii) engine braking shift control means for 
selecting the speed ratio of the automatic transmission 
depending upon the selected degree of engine brake 
application, so that an engine brake is applied to the 
motor vehicle as a result of operation of the engine by a 
kinetic energy of the motor vehicle transferred to the 
engine through the automatic transmission, such that a 
force of the engine brake changes with the selected 
speed ratio of the automatic transmission. 

An example of such an engine brake control appa- 
ratus is disclosed in JP-A-6-55941. wherein an auto- 
matic transmission id disposed between an engine and 
a motor/generator. When a shift lever which functions as 
the engine brake selector means is placed in a second 
"2" position, the automatic transmission is placed in a 
second-speed position. When the shift lever is placed in 
a low "L" position, the automatic transmission is placed 
in a first-speed position. Thus, the engine brake force to 
be applied to the vehicle changes with the selected 
position or selected speed ratio of the automatic trans- 
mission. The brake force by the engine is generated by 
a pump action and friction loss of the engine, and there- 
fore the engine brake force increases with an increase 
in the operating speed of the engine. Accordingly, the 
engine brake force increases with an increase in the 
speed ratio of the automatic transmission, which is the 
input speed divided by the output speed of the auto- 
matic transmission. 

When the motor/generator is driven as the electric 



generator by a kinetic energy of the motor vehicle, the 
electric generator (motor/generator) produces a regen- 
erative braking torque corresponding to the amount of 
an electric energy generated by the electric generator. 
Consequently, a brake force corresponding to the 
regenerative braking torque is applied to the motor vehi- 
cle. This brake force has the same effect as the engine 
brake force indicated above. In the engine brake control 
apparatus disclosed in the above-identified document 
JP-A-6-55941 , the motor/generator is driven with a 
maximum torque to generate an electric energy, when 
the hybrid drive vehicle is in an engine braking mode. 

In the present application, the "engine brake" based 
on the pump action and friction loss of the engine and 
the "regenerative brake" based on the regenerative 
braking torque generated by the motor/generator (func- 
tioning as the electric generator or dynamo) are generi- 
cally referred to as "drive source brake". In other words, 
the term "drive source brake" is interpreted to include 
both the engine brake and the regenerative brake. 

However, the conventional engine brake control 
apparatus adapted to control the engine brake force by 
shifting the automatic transmission suffers from a low 
response due to a comparatively long time required for 
the automatic transmission to be shifted from one posi- 
tion to another. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
provide an apparatus for controlling a drive source 
brake to be applied to a hybrid drive motor vehicle, 
which apparatus permits the application of the drive 
source brake, with a high response to an operation of 
manually operated means for selecting one of different 
degrees of drive source brake application to the vehicle. 

The above object may be achieved according to a 
first aspect of this invention, which provides an appara- 
tus for controlling a drive source brake force to be 
applied to a hybrid drive vehicle comprising a drive 
wheel, a drive power source for driving the drive wheel, 
and a transmission, the drive power source including an 
engine operated by combustion of a fuel and an electric 
motor operated with an electric energy, and the trans- 
mission being disposed in a power transmitting path 
between the engine and the drive wheel, the apparatus 
comprising: (a) manually operated means for selecting 
one of a plurality of different degrees of application of a 
drive source brake to the hybrid drive vehicle; (b) an 
electric generator driven by a kinetic energy of the 
hybrid drive vehicle to generate an electric energy and 
apply as the drive source brake a regenerative brake 
force corresponding to the generated electric energy to 
the vehicle; and (c) electricity generation control means 
for controlling the electric energy generated by the elec- 
tric generator, depending upon the degree of application 
of the drive source brake selected by the manually oper- 
ated means. 

In the drive source brake control apparatus for the 
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hybrid drive vehicle, the electricity or electric energy 
generated by the electric generator or dynamo is con- 
trolled depending upon the degree of the drive source 
brake application to the vehicle as selected by the vehi- 
cle operator through the manually operated means, and s 
the regenerative brake force corresponding to the con- 
trolled generated electric energy is applied to the vehi- 
cle as the drive source brake. In the present apparatus, 
therefore, the regenerative brake force as the drive 
source brake force is controlled with a higher response w 
to the operation of the manually operated means, than 
in the conventional apparatus in which the engine brake 
force as the drive source brake force is controlled by 
shifting to the automatic transmission to one of its drive 
positions which corresponds to the selected degree of is 
the engine brake application. 

The principle of this first aspect of the invention is 
applicable to various types of hybrid drive vehicle 
wherein the drive power source includes an engine and 
a motor/generator, for example, a hybrid drive vehicle 20 
wherein the outputs of the engine and the electric motor 
are selectively transferred to the drive wheel by selec- 
tive engagement and disengagement of clutches, a 
hybrid drive vehicle wherein the outputs of the engine 
and the electric motor are synthesized and distributed 25 
by a synthesizing/distributing mechanism such as a 
planetary gear device, and a hybrid drive vehicle 
wherein the electric motor is operated as an auxiliary 
drive power source. The hybrid drive vehicle may have 
an electric motor for each of a plurality of drive wheels. 30 

The transmission may be either a manual transmis- 
sion or an automatic transmission. The automatic trans- 
mission may be a planetary gear type transmission or a 
parallel two-axes type transmission, which has a plural- 
ity of forward drive positions having respective different 35 
speed ratios. However, the automatic transmission may 
be a continuously variable transmission of belt-and-pul- 
ley type or toroidal type whose speed ratio is continu- 
ously variable. For instance, the automatic transmission 
is disposed in a power transmitting path between the 40 
drive wheel and an assembly of the engine and the 
electric generator. 

The electric generator may be disposed at a suita- 
ble position. The electric motor and the electric genera- 
tor may be provided by a single motor/generator, which 45 
is selectively operated as the electric motor and the 
electric generator. Where the automatic transmission is 
disposed in a power transmitting path between the drive 
wheel and the assembly of the engine and the electric 
generator, it is desirable that the electric energy gener- so 
ated by the electric generator be controlled by the elec- 
tricity generation control means while the automatic 
transmission is held in a predetermined position having 
a predetermined speed ratio. 

Where an automatic transmission having a plurality 55 
of forward drive positions having respective different 
speed ratios is disposed in a power transmitting path 
between the drive wheel and the assembly of the 
engine and the electric generator, the manually oper- 



ated means may comprise a shift lever having a forward 
drive position for permitting the automatic transmission 
to be shifted to any one of the forward drive positions. In 
this case, the shift lever further has a drive source brake 
position in which the shift lever is operable to designate 
a desired degree of the drive source brake application to 
the vehicle. 

It is also desirable to provide suitable means for 
apply an engine brake to the vehicle or both of the 
engine brake and the regenerative brake to the vehicle, 
if the regenerative brake force corresponding to the 
degree of the drive source brake application selected by 
the manually operated means exceeds the maximum 
regenerative brake force that can be generated by the 
electric generator. 

In one preferred form of the apparatus of the first 
aspect of the invention, the electric motor and the elec- 
tric generator are provided by a single motor/generator 
which is selectively operated as the electric motor and 
the electric generator, and the apparatus further com- 
prises: an electric energy storage device for storing the 
electric energy by which the electric motor is operated; 
a synthesizing/distributing mechanism having a first 
clutch, an output member, a first rotary element con- 
nected to the engine through the first clutch, a second 
rotary element connected to the motor/generator, and a 
third rotary element connected to the output member, 
the automatic transmission being disposed between the 
output member and the drive wheel; a second clutch for 
connecting two elements of the first, second and third 
rotary elements of the synthesizing/distributing mecha- 
nism; regenerative braking control means for releasing 
the first clutch while engaging the second clutch, for 
permitting the motor/generator to be driven as the elec- 
tric generator by the kinetic energy of the vehicle to 
charge the electric energy storage device and apply the 
regenerative brake force to the vehicle; and engine 
braking control means for engaging the first and second 
clutches, while holding the motor/generator in a non- 
load state, for permitting the engine to be driven by the 
kinetic energy of the vehicle to apply an engine brake to 
the vehicle as the drive source brake. 

The synthesizing/distributing mechanism indicated 
above may be a mechanism including a planetary gear 
device or differential gear device, which has three rotary 
elements operatively connected to each other and 
which is adapted to mechanically synthesize or distrib- 
uting forces produced by the engine and the motor/gen- 
erator. For instance, the synthesizing/distributing 
mechanism may be adapted such that the outputs of the 
engine and the motor/generator (electric motor) are 
transferred from the output member to the drive wheel, 
or the output of the engine is transferred to the 
motor/generator and the drive wheel so that the vehicle 
is driven by the engine while the electric generator is 
operated by the engine to charge the electric energy 
storage device. However, the synthesizing/distributing 
mechanism need not have both a force synthesizing 
function and a force distributing function. The engine 
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braking control means may be adapted to hold the 
engine in an idling state or cut a fuel supply to the 
engine while the engine is operated by the kinetic 
energy of the vehicle. 

The object indicated above may also be achieved s 
according to a second aspect of the invention, which 
provides an apparatus for controlling a drive source 
brake force to be applied to a hybrid drive vehicle com- 
prising a drive wheel, an electric energy storage device 
for storing an electric energy, a drive power source for w 
driving the drive wheel, and an automatic transmission 
whose speed ratio is variable, the drive power source 
including an engine operated by combustion of a fuel 
and an electric motor operated with the electric energy 
supplied from the electric energy storage device, and is 
the automatic transmission being disposed in a power 
transmitting path between the engine and the drive 
wheel, the apparatus comprising: (a) manually operated 
means for selecting one of a plurality of different 
degrees of application of a drive source brake to the 20 
hybrid drive vehicle; (b) an electric generator driven by a 
kinetic energy of the hybrid drive vehicle to generate an 
electric energy and apply as the drive source brake a 
regenerative brake force corresponding to the gener- 
ated electric energy to the vehicle; (c) engine brake shift 25 
control means for shifting the automatic transmission so 
as to change the speed ratio thereof depending upon 
the degree of application of the drive source brake 
selected by the manually operated means, so that an 
engine brake force which is produced by operation of 30 
the engine by the kinetic energy of the hybrid drive vehi- 
cle and which is applied to the hybrid drive vehicle is 
controlled depending upon the speed ratio of the auto- 
matic transmission; (d) electricity generation control 
means for controlling the electric energy generated by 35 
the electric generator, depending upon the degree of 
application of the drive source brake selected by the 
manually operated means; and (e) drive source brake 
selecting means for selectively enabling the engine 
brake shift control means and the electricity generation 40 
control means to be operated, depending upon an 
amount of the electric energy stored in the electric 
energy storage device. 

In the drive source brake force control apparatus 
according to the second aspect of this invention, the 45 
regenerative brake generated by the electric generator 
and the engine brake generated by the engine are 
selectively applied to the hybrid drive vehicle, depend- 
ing upon the amount of the electric energy stored in the 
electric energy storage device. Where the electric so 
energy storage device is excessively charged, the elec- 
tric generator cannot be operated to charge the storage 
device, namely, the regenerative brake cannot be 
applied to the vehicle as the drive source brake, in this 
case, the engine brake can be applied to the vehicle as ss 
the drive source brake. Further, the electricity genera- 
tion control means may be adapted to control the elec- 
tric energy generated by the electric generator, that is, 
the regenerative brake force generated by the electric 



generator, depending upon the selected degree of the 
drive source brake application, so that the regenerative 
brake force is substantially equal to the engine brake 
force as controlled by the engine brake shift control 
means. Accordingly, the present apparatus assures 
substantially the same drive source brake force irre- 
spective of whether the regenerative brake or the 
engine brake is applied to the vehicle as the drive 
source brake. In other words, the present apparatus is 
less likely to suffer from a difference in the drive source 
brake force due to the selective application of the regen- 
erative brake and the engine brake, which difference 
would be undesirable to the operator who does not gen- 
erally distinguish the regenerative brake and the engine 
brake from each other. 

The drive source brake selecting means is prefera- 
bly adapted to enable the engine brake shift control 
means when the amount of the electric energy stored in 
the storage device is larger than a predetermined upper 
limit (above which the storage device cannot be 
charged), and enable the electricity generation control 
means when the electric energy amount stored in the 
storage device is not larger than the upper limit. In the 
former case, the engine brake is applied to the vehicle. 
In the latter case, the regenerative brake is applied to 
the vehicle. The upper limit indicated above is suitably 
determined so as to prevent considerable deterioration 
of the charging and discharging efficiencies of the elec- 
tric energy storage device or damage of the storage 
device due to a change in the stored electric energy 
amount. 

When the vehicle is running at a relatively high 
speed, the regenerative braking torque generated by 
the electric generator may not permit a regenerative 
brake force almost equal to the engine brake force. In 
this case, the engine brake may be added to increase 
the overall drive source brake force, or the regenerative 
brake may be replaced by the engine brake, which may 
be controlled by controlling the opening angle of the 
throttle valve and the amount of fuel injection. 

The automatic transmission may be a transmission 
which has a plurality of different speed ratios or whose 
speed ration is continuously variable, as described 
above with respect to the first aspect of the invention. 
The manually operated means may comprise a shift 
lever arranged as also described above with respect to 
the first aspect of the invention. 

The apparatus according to the second aspect of 
the invention may also comprise a synthesizing/distrib- 
uting mechanism, a second clutch, regenerative braking 
control means and engine braking control means, which 
have been described above with respect to the first 
aspect of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and optional objects, features, advan- 
tages and technical and industrial significance of this 
invention will be better understood by reading the follow- 
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ing detailed description of presently preferred embodi- 
ments of the invention, when considered in connection 
with the accompanying drawings, in which: 

Fig. 1 is a schematic view illustrating a general 

arrangement of a drive system of a hybrid drive 

motor vehicle equipped with a drive source brake 

control apparatus constructed according to one 

embodiment of this invention; 

Fig. 2 is a block diagram of a control system of the 

hybrid drive motor vehicle of Fig. 1 ; 

Fig. 3 is a view for explaining operating positions of 

a shift lever provided on the hybrid drive vehicle of 

Fig. 1; 

Fig. 4 is a flow chart illustrating an operation mode 
determining sub-routine executed by the control 
system of Fig. 2; 

Fig. 5 is a view indicating nine operation modes of 

the hybrid drive motor vehicle, which are selectively 

established in the sub-routine of Fig. 4; 

Fig. 6 is a flow chart showing in detail the content of 

step S3 of the sub-routine of Fig. 4; 

Fig. 7 is a flow chart showing in detail the content of 

step S4-1 of the sub-routine of Fig. 4; 

Fig. 8 is a flow chart showing in detail the content of 

step S4-2 of the sub-routine of Fig. 4; 

Figs. 9A-9D are views for explaining regenerative 

braking data maps selectively used in step Q2-5 of 

the flow chart of Fig. 8; and 

Fig. 10 is schematic view illustrating another type of 

hybrid vehicle drive system to which the principle of 

the present invention is applicable. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Referring first to the schematic view of Fig. 1 , there 
is shown a hybrid drive system 8 for a front-engine front- 
drive hybrid drive motor vehicle. The present hybrid 
drive system 8 is installed on the motor vehicle such 
that various axes of the hybrid drive system 8 are sub- 
stantially parallel to the transverse or lateral direction 
(width direction) of the motor vehicle. The hybrid drive 
system 8 includes an engine 10 such as an internal 
combustion engine operated by combustion of a fuel, a 
motor/generator 12 functioning as an electric motor and 
an electric generator, and a planetary gear device 14 of 
single pinion type. The planetary gear device 14 func- 
tions as a synthesizing/distributing mechanism for 
mechanically synthesizing and distributing a force. The 
planetary gear device 14 includes a first rotary element 
in the form of a ring gear 1 4r connected to the engine 1 0 
through a first clutch 16, a second rotary element in the 
form of a sun gear 1 4s connected to a rotor shaft 1 2r of 
the motor/generator 1 2, and a third rotary element in the 
form of a carrier 1 4c which has an integrally formed driv- 
ing sprocket 18 functioning as an output member. The 
sun gear 14s and the carrier 14c are connected to each 
other by a second clutch 20. An output of the engine 10 



is transferred to the first clutch 16 through a flywheel 22 
and a damper 24. The flywheel 22 serves to reduce 
speed and torque variations of the engine 10. The 
damper 24 includes a suitable elastic member such as 
5 a spring or a rubber member. The first and second 
clutches 16, 20 are friction type multiple-disk dutches, 
each of which is operated between engaged and 
released states thereof by a hydraulic actuator. 

The driving sprocket 18 is connected through a 
io chain 30 to a driven sprocket 29 which functions as an 
input member of an automatic transmission 26. The 
automatic transmission 26 is a parallel two-axes type 
transmission having a first or input shaft 32 on which the 
driven sprocket 28 is provided, and a second or output 
is shaft 34 parallel to the first shaft 32. The automatic 
transmission 26 has four pairs of mutually meshing 
gears for forward driving of the vehicle, and a pair of 
gears connected through an idler gear for reverse run- 
ning of the vehicle. The automatic transmission 26 

20 includes two frictionally coupling clutches 36, 38 oper- 
ated by respective hydraulic actuators, and two positive 
or claw clutches 40, 42 operated by respective hydraulic 
actuators. With these clutches 36, 38, 40, 42 selectively 
placed in their engaged and released positions, the 

25 automatic transmission 26 is selectively placed in one of 
a neutral position and four forward-drive positions. The 
automatic transmission 26 further includes a frictionally 
coupling clutch 44 operated by a hydraulic actuator for 
establishing a reverse-drive position. The second or 

30 output shaft 34 has an output gear 46 mounted thereon, 
which meshes with a ring gear 50 of a bevel gear type 
differential gear device 48. The ring gear 50 functions 
as an input member of the differential gear device 48. 
Power transferred to the output gear 46 is distributed to 

35 right and left drive wheels (front wheels) of the vehicle 
through a pair of output shafts 52, 54 of the differential 
gear device 48. In Fig. 1 , a portion corresponding to the 
lower half of the second shaft 34 is not shown except for 
the output gear 46, since the assembly including the 

40 second shaft 34 is symmetrical with respect to the axis 
of the second shaft 34. 

Referring next to the block diagram of Fig. 2, there 
is shown a control system for the hybrid vehicle drive 
system 8. In Fig. 3, thick solid lines indicate mechanical 

45 connections, while thin solid lines indicate electric con- 
nections. The motor/generator 12, planetary gear 
mechanism 14 and first and second clutches 16, 20 
cooperate to constitute an electrically controlled torque 
converter 58. The differential gear device 48 constitutes 

so a major portion of a speed reducing device 60 shown in 
Fig. 2, and the front drive wheels constitute a major por- 
tion of drive means 62 also shown in Fig. 2. 

The operating states of the engine 1 0 are controlled 
by a fuel injection actuator 66, a throttle actuator 68, an 

55 ignition actuator 70, and an intake and exhaust valve 
actuator 72. These actuators 66, 68, 70, 72 are control- 
led by a controller 64, to control the engine 10. The 
motor/generator 12 is connected to an electric energy 
storage device 76 such as a battery or capacitor 
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through a motor/generator control device 74 such as an 
inverter. The motor/generator control device 74 is con- 
trolled by the controller 64, so that the motor/generator 
12 is placed in one of a DRIVE state, a CHARGING 
state, and a NON-LOAD or FREE state. In the DRIVE 5 
state, the motor/generator 12 is operated as an electric 
motor to provide a predetermined torque for driving the 
vehicle, with an electric energy being supplied to the 
electric motor from the electric energy storage device 
74. In the CHARGING state, the motor/generator 12 is w 
operated as an electric generator or dynamo, by regen- 
erative braking (i.e., electrical braking torque of the 
motor/generator 12 per se), so as to charge the electric 
energy storage device 76 with an electric energy. In the 
NON-LOAD or FREE state, the motor/generator 12 is 15 
placed in a non-load condition permitting free rotation of 
the rotor shaft 12r. The hydraulic actuators for the first 
and second clutches 16, 20 are controlled by the con- 
troller 64 through respective solenoid-operated valves, 
so that these clutches 16, 20 are selectively placed in 2 o 
their engaged and released states, for selective connec- 
tion and disconnection between the engine 10 and the 
ring gear 14r, and between the sun gear 14s and the 
earner 14c. 

The automatic transmission 26 has a parking posi- 25 
tion, a neutral position "N", a rear drive position "REV, 
and a plurality of forward drive positions "FWD", namely, 
first-speed, second-speed, third-speed and fourth- 
speed positions "1st", "2nd", "3rd" and "4th". The neutral 
position "N", rear drive position "REV and forward drive 30 
positions "FWD" are selectively established by a 
FWD/N/REV selecting actuator 82 under the control of 
the controller 64, through a hydraulic circuit including a 
manual shift valve which is mechanically connected to a 
shift lever 80. As indicated in Fig. 3, the shift lever 80 35 
has a total of five operating positions, parking position 
"P", reverse position "R", neutral position "N", forward 
drive position "D", and drive source brake position "B". 
With the shift lever 80 placed in the neutral position "N", 
the automatic transmission 26 is shifted to the neutral 40 
position "N". With the shift lever 80 placed in the reverse 
position "R", the automatic transmission 26 is shifted to 
the rear drive position "REV". The currently selected 
position S H of the shift lever 80 is detected by a shift 
position switch 84. Namely, the output signal of the shift 45 
position switch 84 represents the selected position S H 
of the shift lever 80. When the shift lever 80 is placed in 
the forward drive position, the automatic transmission 
26 is automatically shifted to any one of the forward 
drive positions by a speed ratio changing actuator 86 so 
under the control of the controller 64. The speed ratio 
changing actuators 76 include solenoid-operated valves 
for establishing a selected one of combinations of the 
engaged and released states of the hydraulically oper- 
ated frictionally coupling clutches 36, 38 and positive ss 
clutches 40, 42. Described more specifically, one of the 
forward drive positions "1st". "2nd", "3rd" and "4th" is 
selected on the basis of the operating amount 0 AC of an 
accelerator pedal and a running speed V of the vehicle, 



and according to predetermined shift patterns which are 
relationships between these parameters e AC and V. 
With the shift lever 80 placed in the parking position "P", 
the automatic transmission 26 is shifted to the parking 
position by a parking shift actuator 90. In the parking 
position, a parking brake is applied to the wheels of the 
vehicle. 

As indicated in Fig. 3, the drive source brake posi- 
tion *B" of the shift lever 80 is adjacent to the forward 
drive position "D". When the shift lever 80 is placed in 
the drive source brake position "B", the shift lever 80 
may be inclined in a direction perpendicular to the shift- 
ing direction in which the positions "P", "R", "N", "D" and 
"B" are selected. That is, the shift lever 80 placed in the 
drive source brake position "B" may be inclined to right 
and left positions indicated by circles of broken lines in 
Fig. 3. The movements of the shift lever 80 to these right 
and left positions in the drive source brake position "B" 
are detected by an UP-DOWN switch 88, an output sig- 
nal of which is sent to the controller 64 each time the 
shift lever 80 is inclined to the right or left position in the 
drive source brake position "B". It will be understood 
that the shift leva* 80 functions as manually operated 
means for selecting one of a plurality of different 
degrees of drive source brake application to the motor 
vehicle. 

The controller 64 includes a microcomputer incor- 
porating a central processing unit (CPU), a random- 
access memory (RAM), and a read-only memory 
(ROM), and is adapted to control the hybrid drive sys- 
tem 8 according to a predetermined control program, 
more specifically, select one of nine operation modes 
indicated in Fig. 5, according to an operation mode 
determining sub-routine illustrated in the flow chart of 
Fig. 4 by way of example, and operate the hybrid drive 
system 8 in the selected operation mode. The controller 
64 receives various signals from various detectors, such 
as signals indicative of: torque T E and speed N E of the 
engine 10; torque T M and speed N M of the motor/gener- 
ator 12; input shaft speed Ni of the automatic transmis- 
sion 26; output shaft speed No of the automatic 
transmission 26 (which speed No can be used to calcu- 
late the running speed V of the vehicle); operating 
amount 0 AC of the accelerator pedal; amount SOC of 
electric energy stored in the electric energy storage 
device 76; operating state of a brake system (operating 
state of a brake pedal); currently selected position S H of 
the shift lever 80; and operator's desired degree of drive 
source brake application as obtained from the output 
signals of the UP-DOWN switch 88. The engine torque 
T E can be obtained from the opening angle of the throt- 
tle valve or fuel injection amount, while the motor torque 
T M can be obtained from the electric current of the elec- 
tric motor 12 when the motor/generator is operated as 
the electric motor. The stored electric energy amount 
SOC can be obtained from the electric current or charg- 
ing efficiency of the electric generator 12 when the 
motor/generator is operated as the electric generator to 
charge the storage device 76. 
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The operation mode determining sub-routine of Fig. 
4 is initiated with step S1 to determine whether there 
exists a command requiring the engine 10 to be started 
for driving the vehicle with the engine 10 used as the 
drive power source or for operating the motor/generator 
12 for charging the electric energy storage device 76. If 
an affirmative decision (YES) is obtained in step S1 , the 
control flow goes to step S2 to select an operation mode 
9. In this operation mode 9, the first and second 
clutches 16 and 20 are both engaged (turned ON) as 
indicated in Fig. 5, and the motor/generator 12 is oper- 
ated to start the engine 10 through the planetary gear 
device 14, with the fuel injection amount and other con- 
ditions of the engine 10 being suitably controlled. When 
this operation mode 9 is selected while the vehicle is 
stationary, the starting of the engine 10 is effected with 
the automatic transmission 26 placed in the neutral 
position. When the operation mode 9 is selected during 
running of the vehicle with only the motor/generator 12 
as the drive power source as in an operation mode 1 in 
which the first clutch 1 6 is in the released state, the first 
clutch 16 is engaged, and the motor/generator 12 is 
operated so as to provide an output which is larger than 
the output necessary to drive the vehicle, by a given sur- 
plus output of the motor/generator 12. Thus, even when 
the vehicle is running, the engine 10 can be started in 
the operation mode 9 by temporarily placing the auto- 
matic transmission 26 in the neutral position. The oper- 
ation mode 9 eliminates an exclusive starter such as an 
electric motor provided for the sole purpose of starting 
the engine, and is therefore effective to reduce the 
required number of components of the hybrid drive sys- 
tem 8, leading to an accordingly reduced cost of manu- 
facture thereof. 

If a negative decision (NO) is obtained in step S1 , 
that is, no command requiring the starting of the engine 
10 is present, the control flow goes to step S3 to deter- 
mine whether the application of regenerative braking or 
engine braking to the vehicle is required. This step S3 is 
implemented as illustrated in the flow chart of Fig. 6. Ini- 
tially, step R1 is implemented to determine whether the 
accelerator pedal is not depressed, that is, whether the 
operating amount e AC is smaller than a predetermined 
threshold which is substantially zero. If the accelerator 
pedal is off, the control fbw goes to step R2. If the 
accelerator pedal is depressed, the control flow goes to 
step S5 of the sub-routine of Fig. 4. Step R2 is provided 
to determine whether the brake pedal is depressed. 
This determination may be made on the basis of an out- 
put signal of a brake switch provided to detect an oper- 
ation of the brake pedal. If an affirmative decision (YES) 
is obtained in step R2, the control flow goes to step R3. 
If a negative decision (NO) is obtained in step R2, step 
R5 is implemented to determine whether the currently 
selected position S H of the shift lever 80 is the drive 
source brake position "B". If the shift lever 80 is placed 
in the engine braking position "B", the control flow goes 
to step S4-2 of the sub-routine of Fig. 4, to effect drive 
source brake control. If the shift lever 80 is not placed in 



the drive source brake position "B", the control flow 
goes to step S5 of Fig. 4. 

Step R3 which is implemented when the brake 
pedal is depressed is provided to determine whether 

5 the currently selected position S H of the shift lever 80 is 
either the forward drive position "D" or the drive source 
brake position "B". If a negative decision (NO) is 
obtained in step R3, the control flow goes to step S5 of 
Fig. 4. If an affirmative decision (YES) is obtained in 

10 step R3, that is, if the shift lever 80 is currently placed in 
the forward drive position "D M or drive source brake posi- 
tion "B", the control flow goes to step R4 to determine 
whether the electric energy amount SOC stored in the 
electric energy storage device 76 is smaller than a pre- 

15 determined upper limit A2. If an affirmative decision 
(YES) is obtained in step R4, the control flow goes to 
step S4-1 of Fig. 4, to effect regenerative braking con- 
trol. If a negative decision (NO) is obtained in step R4, 
the control flow goes to step S5 of Fig. 4. The upper limit 

20 A2 is a maximum amount of the electric energy cur- 
rently stored in the storage device 76, below which the 
storage device 76 is permitted to be charged by the 
electric generator 12. This upper limit A2 is determined 
by the charging and discharging efficiencies of the stor- 

25 age device 76. For example, the upper limit A2 is 
selected to be about 80% of the full capacity of the stor- 
age device 76. 

The regenerative braking control in step S4-1 is 
effected as illustrated in the flow chart of Fig. 7. Initially, 

30 step Q1-1 is implemented to select an operation mode 
6. Step Q1-1 is followed by step Q1-2 in which the elec- 
tric energy generated by the electric generator 12 is 
controlled depending upon the depression force acting 
on the brake pedal. In the operation mode 6, the first 

35 dutch 16 is released (turned OFF) and the second 
clutch 20 is engaged (turned ON), while the engine 10 
is turned OFF, and the motor/generator 12 is placed in 
the CHARGING state, as indicated in Fig. 5, whereby 
the motor/generator 12 is operated as the electric gen- 

40 erator by a kinetic energy of the motor vehicle, so as to 
charge the electric energy storage device 76 while 
applying a regenerative brake to the motor vehicle. Like 
the engine braking, the regenerative braking reduces 
the required amount of operation of the brake pedal by 

45 the vehicle operator, and facilitates the control of the 
vehicle running. Since the engine 10 is disconnected 
from the planetary gear device 14 with the first clutch 16 
placed in the released state, the energy loss of the vehi- 
cle due to the drag resistance of the engine 10 is pre- 

50 vented in the operation mode 6. Further, since the 
operation mode 6 is selected when the stored electric 
energy amount SOC is smaller than the upper limit A2, 
the electric energy storage device 76 is protected from 
excessive charging and resulting deterioration of its 

55 charging and discharging efficiencies. In the regenera- 
tive braking control in step Ql-2, the motor/generator 
controller 74 is controlled to control the electric genera- 
tor 12 so that the electric energy generated by the elec- 
tric generator 12 increases with an increase in the 
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depression force acting on the brake pedal. In this 
arrangement, the regenerative braking torque corre- 
sponding to the generated electric energy increases 
with the brake pedal depression force. The regenerative 
brake force based on the regenerative braking torque is 5 
applied to the motor vehicle. In the present application, 
a brake based on this regenerative brake force in the 
regenerative braking mode as well as an engine brake 
in the engine braking mode is considered to be a "drive 
source brake" applied to the vehicle. w 

The drive source brake control in step S4-2 of Fig. 
4 is effected as illustrated in the flow chart of Fig. 8. Ini- 
tially, step Q2-1 is implemented to determine whether 
the electric energy amount SOC currently stored in the 
storage device 76 is smaller than the upper limit A2. If 15 
an affirmative decision (YES) is obtained in step Q2-1 , it 
means that the storage device 76 can be charged. In 
this case, step Q2-2 and the following steps are imple- 
mented to control the electricity generation by the elec- 
tric generator 1 2 for applying a regenerative brake to the 20 
vehicle. If a negative decision (NO) is obtained in step 
Q2-1 , the control flow goes to step Q2-7 and the follow- 
ing steps to apply an engine brake to the vehicle. It will 
be understood that a portion of the controller 64 
assigned to implement step Q2-1 serves as drive 25 
source brake selecting means lor selecting the regener- 
ative braking mode (operation mode 6) or the engine 
braking mode (operation mode 8), depending upon the 
electric energy amount SOC stored in the storage 
device 76. 30 

Step Q2-2 is implemented to select the operation 
mode 6 (regenerative braking mode) as in step Q1-1. 
Step Q2-2 is followed by step Q2-3 in which the auto- 
matic transmission 26 is held in a predetermined posi- 
tion, for example, the third-speed position "3rd" or the 35 
position whose speed ratio is next higher than the posi- 
tion selected with the shift lever 80 placed in the forward 
drive position "D". In the third-speed position "3rd", the 
power loss is relatively small, and the electric generator 
1 2 is suitably driven by the kinetic energy of the vehicle. 40 
Step Q2-3 is followed by step Q2-4 to determine the 
desired degree of regenerative brake application to the 
vehicle, on the basis of the output signals of the UP- 
DOWN switch 88, namely, the operations of the shift 
lever 80 to the right and left (positive and negative) posi- 45 
tions when the shift lever 80 is placed in the drive source 
brake position "B". Then, the control flow goes to step 
Q2-5 to select one of regenerative braking data maps 
which corresponds to the determined degree of regen- 
erative brake application. Each regenerative braking so 
data map is a relationship between the regenerative 
braking torque and the speed N M of the motor/generator 
12. In the next step Q2-6, the electric current of the elec- 
tric generator 12 is controlled on the basis of the speed 
N M and according to the selected regenerative braking 55 
data map, so that the electric generator 12 provides the 
regenerative braking torque corresponding to the speed 
Nm. 

In the present embodiment wherein the automatic 



transmission 26 have the four forward drive positions, 
four regenerative braking data maps are provided as 
indicated in Figs. 9A, 9B, 9C and 9D, which correspond 
to the four forward drive positions of the automatic 
transmission 26. These data maps are formulated so 
that the electric generator 12 provides the regenerative 
brake force which is substantially the same as the 
engine brake force provided by the engine 10. The data 
map Map 1 of Fig. 9A corresponds to the fourth-speed 
position "4th" whose speed ratio is the smallest, while 
the data map Map 2 of Fig. 9B corresponds to the third- 
speed position "3rd" whose speed ratio is the next 
smallest. The data Map 3 of Fig. 9C corresponds to the 
second-speed position "2nd" whose speed ratio is the 
second largest, while the data map Map 4 of Fig. 9D 
corresponds to the first-speed position "1st" whose 
speed ratio is the largest. Where the automatic trans- 
mission 26 is held in the third-speed position "3rd" in 
step Q2-3, the data map Map4 corresponding to the 
first-speed position "1st" is selected when the shift lever 
80 in the drive source brake position "B" has been oper- 
ated to the right or negative (minus "-") position two 
times. If the shift lever 80 in the drive source brake posi- 
tion "B" is then operated once to the left or positive (plus 
"+") position, the data map Map 3 corresponding to the 
second-speed position "2nd" is selected. The four 
regenerative braking data maps shown in Figs. 9A-9D 
are formulated on the assumption that the automatic 
transmission 26 is held in the third-speed position "3rd" 
in step Q2-3. The data maps are stored in the ROM of 
the controller 64. One-dot chain lines in Figs. 9A-9D 
represent the maximum regenerative braking torque. 

It will be understood that a portion of the controller 
64 assigned to implement step Q2-2 for selecting the 
regenerative braking mode (operation mode 6) serves 
as regenerative braking control means for permitting the 
motor/generator to be driven as the electric generator 
by a kinetic energy of the vehicle to charge the electric 
energy storage device 76 and apply the regenerative 
brake to the vehicle. It will also be understood that a por- 
tion of the controller 64 assigned to implement steps 
Q2-4, Q2-5 and Q2-6 serves as electricity generation 
control means for controlling the electric energy gener- 
ated by the electric generator, depending upon the 
degree of application of the drive source brake selected 
by the shift lever 88. 

Step Q2-7 which is implemented if the negative 
decision (NO) is obtained in step Q2-1 is provided to 
select an operation mode 8 (engine braking mode). In 
the operation mode 8, the first and second clutches 16, 
20 are both engaged (turned ON), as indicated in Fig. 5, 
and the motor/generator 12 is placed in the NON-LOAD 
state. Further, the engine 10 is turned OFF, that is, the 
throttle valve is closed and the fuel injection amount is 
zeroed. As a result, an engine brake due to the drag 
resistance of the engine 10 is applied to the vehicle, 
whereby the required amount of operation of the brake 
pedal by the vehicle operator is reduced, facilitating the 
control of the vehicle running. Since the motor/genera- 
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tor 12 is placed in the NON-LOAD state and permitted 
to rotate freely in the operation mode 8, the electric 
energy storage device 76 is protected from excessive 
charging and resulting deterioration of its charging and 
discharging efficiencies. 5 

It will be understood that a portion of the controller 
64 assigned to implement step Q2-7 for selecting the 
engine braking mode (Operation mode 8) serves as 
engine braking control means for permitting the engine 
to be driven by a kinetic energy of the vehicle to apply 10 
an engine brake to the vehicle as the drive source 
brake. 

Step Q2-7 is followed by step Q2-8 to determine the 
desired degree of engine brake application to the vehi- 
cle, on the basis of the output signals of the UP-DOWN is 
switch 88, as in step Q2-4. Then, the control flow goes 
to step Q2-8 to select one of the forward drive positions 
of the automatic transmission 26 which corresponds to 
the determined degree of engine braking. Step Q2-9 is 
followed by step Q2-1 0 in which the automatic transmis- 20 
sion 26 is shifted to the selected forward drive position. 
The brake force produced by the engine 10 increases 
with an increase in the speed N E of the engine 10, 
namely, with an increase in the speed ratio of the auto- 
matic transmission 26. Therefore, since the position to 25 
which the automatic transmission 26 is shifted in step 
Q2-9 is selected depending upon the degree of engine 
braking desired by the vehicle operator, the engine 
brake force desired by the vehicle operator can be 
obtained in the engine braking mode. 30 

It will be understood that a portion of the controller 
64 assigned to implement steps Q2-8. Q2-9 and Q2-10 
serves as engine brake shift control means for shifting 
the automatic transmission 26 so as to change the 
speed ratio thereof depending upon the degree of appli- 35 
cation of the drive source brake selected by the shift 
lever (88), so that an engine brake force which is pro- 
duced by operation of the engine by the kinetic energy 
and which is applied to the vehicle is controlled depend- 
ing upon the currently established speed ratio of the 40 
automatic transmission. 

Referring back to the operation mode determining 
sub-routine of Fig. 4, step S5 is implemented if neither 
the regenerative braking nor the engine braking is 
required. Step S5 is provided to determine whether the 45 
vehicle is required to be started by operation of the 
engine 10. This determination maybe effected by deter- 
mining whether the vehicle is in a temporary stop during 
running of the vehicle with the engine 10 used as the 
drive power source as in an operation mode 3 (which so 
will be described). For instance, the temporary stopping 
of the vehicle can be detected by checking if the output 
speed No of the automatic transmission 26 is zero. 
Namely, the output speed No is zero when the vehicle is 
stationary. If an affirmative decision (YES) is obtained in 55 
step S5, the control flow goes to step S6 to determine 
whether the accelerator pedal is in a depressed state , 
more specifically, whether the operation amount e AC of 
the accelerator pedal is larger than a predetermined 



lower limit which is close to zero but larger than zero. If 
an affirmative decision (YES) is obtained in step S6, the 
control flow goes to step S7 to select an operation mode 
5. ff a negative decision (NO) is obtained in step S6, the 
control flow goes to step S8 to select an operation mode 
7. 

In the operation mode 5 selected in step S7, the 
first clutch 16 is engaged (turned ON) and the second 
clutch 20 is released (turned OFF), and the engine 10 is 
operated, as indicated in Fig. 5, whereby the vehicle is 
started by the engine 10, with the regenerative braking 
torque of the motor/generator 12 being suitably control- 
led. Described in detail, the ratios of the engine torque 
T E , output torque of the planetary gear device 14 and 
motor torque T M are 1 : (1 + p) : p, where p represents a 
gear ratio of the planetary gear device 14 (p = the 
number of teeth of the sun gear 14s divided by the 
number of teeth of the ring gear 14r). When the gear 
ratio p is about 0.5 (as in a common planetary gear 
device), for example, the torque of the motor/generator 
1 2 is controlled to be equal to a half of the engine torque 
T E , so that the torque about 1.5 times the engine torque 
T E is produced from the carrier 14c of the planetary 
gear device 14. In other words, the vehicle is started 
with a torque as large as (1 + p)/p times the torque of 
the motor/generator 12. If the motor/generator 12 is 
held in the NON-LOAD state with no current applied to 
the motor, the output of the carrier 14c is zeroed with the 
rotor shaft 12r merely rotating in the reverse direction, 
whereby the vehicle is held stationary, in this case, the 
planetary gear device 14 functions as a vehicle start 
clutch and a torque booster. With the motor torque T M 
(regenerative braking torque) gradually increased from 
zero to increase a reaction force of the motor/generator 
12, the vehicle can be smoothly started with the output 
torque which is (1 + p) times the engine torque T E . 

The motor/generator 12 used in the present hybrid 
drive system 8 has a torque capacity which is about p 
times the maximum torque of the engine 10. Namely, 
the torque capacity and size of the motor/generator 12 
are minimized to minimize the size and cost of manufac- 
ture of the hybrid drive system 8, while assuring the 
required torque. The present hybrid drive system 8 is 
further adapted so that the opening angle of the throttle 
valve and the fuel injection amount are increased with 
an increase in the motor torque T M , for preventing stall- 
ing of the engine 10 due to a drop of the engine speed 
N E due to an increase in the reaction force of the 
motor/generator 12. 

In the operation mode 7 selected in step S8, the 
first clutch 16 is engaged (turned ON) and the second 
clutch 20 is released (turned OFF), and the engine 10 is 
operated while the motor/generator 12 is placed in the 
NON-LOAD state so that the hybrid drive system 8 is 
placed in an electrically neutral state, as indicated in 
Fig. 5. In this operation mode 7, the output of the carrier 
14c is zeroed with the rotor shaft 12r of the motor/gen- 
erator 12 rotating freely in the reverse direction. When 
this operation mode 6 is established during running of 
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the vehicle with the engine 1 0 as the drive power source 
as in the operation mode 3, the stopping of the vehicle 
does not require the engine 10 to be turned OFF, and 
the vehicle can be started by the engine 10 as in the 
operation mode 5. 

If a negative decision (NO) is obtained in step S5, 
that is, if the starting of the vehicle by the engine 10 is 
not required, the control flow goes to step S9 to deter- 
mine whether a currently required output Pd of the 
hybrid drive system 8 is equal to or smaller than a pre- 
determined first threshold P1. The currently required 
output Pd is an output of the hybrid drive system 8 
required to drive the vehicle against a running resist- 
ance. This currently required output Pd is calculated 
according to a predetermined data map or equation, on 
the basis of the operating amount e AC of the accelerator 
pedal, a rate of change of this value 8 AC , or the currently 
established operating position of the automatic trans- 
mission 26. The predetermined first threshold PI is a 
boundary value of the output above which the vehicle is 
driven with only the engine 10 used as the drive power 
source and below which the vehicle is driven with only 
the motor/generator 12 as the drive power source. In 
other words, the vehicle is considered to be in a 
medium-load or high-load running state if the currently 
required output Pd is larger than the first threshold value 
P1, and in a low-load running state if the currently 
required output Pd is equal to or smaller than the first 
threshold value P1. For example, the first threshold 
value P1 is determined by experiments, so as to mini- 
mize the exhaust gas emissions and the fuel consump- 
tion, depending upon the energy efficiency during 
running of the vehicle (in which the electric energy stor- 
age device 75 may be charged by operation of the 
engine 1 0). If the currently required output Pd is equal to 
or smaller than the first threshold value Pd, the control 
flow goes to step S10 to determine whether the stored 
electric energy amount SOC is equal to or smaller than 
a predetermined lower limit A1 . If an affirmative decision 
(YES) is obtained in step S10, the control flow goes to 
step S1 1 to select an operation mode 1 . If a negative 
decision (NO) is obtained in step S10, the control flow 
goes to step S12 to select an operation mode 3. The 
lower limit A1 is a lower limit of the stored electric 
energy amount SOC above which the electric energy 
stored in the storage device 76 can be used to operate 
the motor/generator 12 as the drive power source. The 
lower limit A1 is determined depending upon the charg- 
ing and discharging efficiencies of the storage device 
76. For instance, the lower limit A1 is about 70% of the 
full capacity of the storage device 76. 

In the operation mode 1 selected in step S1 1, the 
first clutch 16 is released (turned OFF) and the second 
clutch 20 is engaged (turned ON), and the engine 10 is 
turned OFF, while the motor/generator 12 is operated so 
as to provide the currently required output Pd, as indi- 
cated in Fig. 5, so that the vehicle is driven with only the 
motor/generator 1 2 used as the drive power source. In 
this operation mode 1, too, the engine 10 is discon- 



nected from the planetary gear device 1 4, so that the 
energy loss due to the drag resistance of the engine 10 
is prevented as in the operation mode 6, and the motor 
can be suitably operated with high efficiency with the 

5 automatic transmission 26 being suitably shifted. It is 
also noted that the operation mode 1 is selected, that is, 
the motor/generator 12 is used as the drive power 
source, when the currently required output Pd is equal 
to or smaller than the first threshold value P1 while the 

io electric energy amount SOC stored in the storage 
device 76 is equal to or larger than the lower limit A1 . In 
this condition, the energy efficiency is higher and the 
fuel consumption and the amount of exhaust gas emis- 
sions can be made smaller when the vehicle is driven by 

15 the motor/generator 12 (in the operation mode 1) than 
when the vehicle is driven by the engine 10 (as in oper- 
ation mode 2). Further, the electric energy storage 
device 76 is prevented from excessive discharging with 
the stored energy amount SOC falling below the lower 

20 limit A1 , which would result in deterioration of the charg- 
ing and discharging efficiencies of the storage device 
76. 

In the operation mode 3 selected in step S12, the 
first and second clutches 16, 20 are both engaged 

25 (turned ON), and the engine 10 is turned ON, while the 
motor/generator 12 is placed in the CHARGING state to 
charge the electric energy storage device 76 with 
regenerative braking, as indicated in Fig. 5, whereby the 
vehicle is driven by the output of the engine 10 while the 

30 electric energy storage device 76 is charged with the 
electric energy generated by the motor/generator 12. In 
this operation mode 3, the engine 10 is operated so as 
to provide an output larger than the currently required 
output Pd, and the electric current of the motor/genera- 

35 tor 1 2 is controlled so that a surplus output of the engine 
1 0 is consumed by the motor/generator 1 2 to charge the 
storage device 76. 

If a negative decision (NO) is obtained in step S9, 
that is, if the currently required output Pd is larger than 

40 the first threshold value PI , the control flow goes to step 
S13 to determine whether the currently required output 
Pd is smaller than a predetermined second threshold 
P2 which is larger than the first threshold P1, that is, 
whether the currently required output Pd is larger than 

45 the first threshold P1 and smaller than the second 
threshold P2, namely, within a predetermined range 
between P1 and P2. This second threshold value P2 is 
a boundary value of the output below which the vehicle 
is driven with only the engine 10 used as the drive 

so power source and above which the vehicle is driven with 
both the engine 10 and the motor/generator 12 as the 
drive power source. In other words, the vehicle is con- 
sidered to be in the medium-load running state if the 
currently required output Pd is smaller than the second 

55 threshold value P2, and in the high-load running state if 
the currently required output Pd is equal to or larger 
than the second threshold value P2. For example, the 
second threshold value P2 is determined by experi- 
ments, so as to minimize the exhaust gas emissions 
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and the fuel consumption, depending upon the energy 
efficiency during running of the vehicle (in which the 
electric energy storage device 76 may be charged by 
operation of the engine 10). If the currently required out- 
put Pd is larger than the first threshold value P1 and s 
smaller than the second threshold value P2, that is, if an 
affirmative decision (YES) is obtained in step S13, the 
control flow goes to step S14 to determine whether the 
stored electric energy amount SOC is equal to or larger 
than the above-indicated lower limit A1 . If an affirmative w 
decision (YES) is obtained in step S14, the control flow 
goes to step S15 to select an operation mode 2. If a 
negative decision (NO) is obtained in step S14, the con- 
trol flow goes to step S12 to select the operation mode 

3 discussed above. If the currently required output Pd is 75 
equal to or larger than the second threshold P2, that is, 

if a negative decision (NO) is obtained in step S13, the 
control flow goes to step S1 6 to determine whether the 
stored electric energy amount SOC is equal to or larger 
than the lower limit A1. If an affirmative decision (YES) 20 
is obtained in step S16, the control flow goes to step 
S17 to select an operation mode 4. If a negative deci- 
sion (NO) is obtained in step S16, the control flow goes 
to step S15 to select the operation mode 2. 

In the operation mode 2 selected in step S15, the 25 
first and second clutches 16, 20 are both engaged 
(turned ON), and the engine 1 0 is operated so as to pro- 
duce the currently required output Pd, while the 
motor/generator 12 is placed in the NON-LOAD state, 
as indicated in Fig. 5, whereby the vehicle is driven with 30 
only the engine 10 used as the drive power source. 

In the operation mode 4 selected in step S17, the 
first and second clutches 16, 20 are both engaged 
(turned ON), and the engine 10 and the motor/genera- 
tor 12 are operated, as indicated in Fig. 5, whereby the 35 
vehicle is driven with both the engine 10 and the 
motor/generator 12 used as the drive power source. In 
this operation mode 4 selected when the currently 
required output Pd is equal to the second threshold P2 
or larger, the engine 10 and the motor/generator 12 are 40 
both operated as the drive power sources to drive the 
vehicle, so that the energy efficiency is less likely to be 
lowered than in the operation mode 1 or 2 in which 
either the engine 10 or the motor/generator 12 is used 
as the drive power source. In this respect, the fuel con- 45 
sumption and the exhaust gas emission can be made 
lower in this operation mode 4 than in the operation 
mode 1 or 2 when the currently required output Pd is 
equal to P2 or larger. Further, since the operation mode 

4 is selected only when the stored electric energy so 
amount SOC is equal to or larger than the lower limit A1 , 
the electric energy storage device 76 is protected from 
excessive discharging with the stored energy amount 
SOC falling below the lower limit A1 , which would result 

in deterioration of the charging and discharging efficien- 55 
cies of the storage device 76. 

As described above, the operation modes 1-4 are 
selected in the following running states of the vehicle. 
When the electric energy amount SOC stored in the 



electric energy storage device 76 is not smaller than the 
lower limit A1 , the operation mode 1 is selected in step 
S1 1 to drive the vehicle with only the motor/generator 
12 as the drive power source if the vehicle is in the low- 
load running state with the currently required output Pd 
being equal to or smaller than the first threshold P1. 
Further, the operation mode 2 is selected in step S15 to 
drive the vehicle with only the engine 10 as the drive 
power source if the vehicle is in the medium-load run- 
ning state with the currently required output Pd being 
larger than the first threshold P1 and smaller than the 
second threshold P2, and the operation mode 4 is 
selected in step S1 7 to drive the vehicle with the engine 
10 and the motor/generator 12 as the drive power 
sources if the vehicle is in the high-load running state 
with the currently required output Pd being equal to or 
larger than the second threshold P2. When the stored 
electric energy amount SOC is smaller than the lower 
limit A1 , the operation mode 3 is selected in step S1 2 to 
drive the vehicle with only the engine 10 as the drive 
power source while at the same time charging the elec- 
tric energy storage device 76 if the vehicle is in the 
medium-load running state with the currently required 
output Pd being smaller than the second threshold P2, 
and the operation mode 2 is selected in step S15 to 
drive the vehicle with only the engine 10 without charg- 
ing the storage device 76 if the vehicle is in the high- 
load running state with the currently required output Pd 
being equal to or larger than the second threshold P2. 

The operation mode 2 is selected in step S15 in the 
following two cases: 1) when the vehicle is in the 
medium-load running state wherein the currently 
required output Pd is larger than the first threshold P1 
and smaller than the second threshold P2, while the 
stored electric energy amount SOC is not smaller than 
the lower limit A1 ; and 2) when the vehicle is in the high- 
load running state wherein the currently required output 
Pd is equal to or larger than the second threshold P2, 
while the stored electric energy amount SOC is smaller 
than the lower limit A1. In the medium-load running 
state of the vehicle, the energy efficiency is generally 
higher when the vehicle is driven by the engine 10 than 
when the vehicle is driven by the motor/generator 12. 
Accordingly, the fuel consumption and exhaust gas 
emission can be made smaller in the operation mode 2 
than in the operation mode 1. In the high-load running 
state, it is generally desirable to select the operation 
mode 4 in which the vehicle is driven by both of the 
engine 10 and the motor/generator 12. When the elec- 
tric energy amount SOC stored in the electric energy 
storage device 76 is smaller than the lower limit A1, 
however, it is desirable to select the operation mode 2, 
that is, to drive the vehicle with only the engine 10 used 
as the drive power source, in order to prevent deteriora- 
tion of the charging and discharging efficiencies of the 
storage device 76 due to reduction of the stored electric 
energy amount SOC below the lower limit A1. 

In the drive source brake control of Fig. 8 in the 
hybrid drive system 8 of the present embodiment, step 
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Q2-2 is implemented to select the operation mode 6, 
namely, the regenerative braking mode, if the electric 
energy amount SOC stored in the storage device 76 is 
smaller than the upper limit A2. In the regenerative 
braking mode, a drive source brake based on the regen- 
erative braking of the motor/generator 12 is applied to 
the vehicle. The force of the drive source brake based 
on the regenerative braking is controlled according to 
the regenerative braking data map which is selected 
depending upon the degree of drive source braking 
(regenerative braking) desired by the vehicle operator. 
That is, the amount of electric energy generated by the 
motor/generator 12 as the electric generator is control- 
led depending upon the operations of the shift lever 80 
to the right and left positions while it is placed in the 
drive source brake position "B n . These operations of the 
shift lever 80 indicate the operator's desired degree of 
the drive source brake application (regenerative brake 
application in step Q-2-6). Thus, when the stored elec- 
tric energy amount SOC is smaller than the upper limit 
A2, the regenerative braking mode rather than the 
engine braking mode is established, and the automatic 
transmission 26 is kept in the predetermined forward 
drive position (e.g., third-speed position "3rd"), while the 
data map for determining the regenerative braking force 
is selected depending upon the desired degree of the 
regenerative brake application (drive source brake 
application as desired by the vehicle operator). In the 
present regenerative braking control according to steps 
Q2-2 through Q2-6, therefore, the actual generative 
brake force can be suitably controlled with a higher 
response to the operator's desired degree of the regen- 
erative brake application (drive source brake applica- 
tion), than in the engine braking control according to 
steps Q2-7 through Q2-10 in which the automatic trans- 
mission 26 is shifted to the position corresponding to the 
operator/s desired degree of the engine brake applica- 
tion. 

When the electric energy amount SOC stored in the 
storage device 76 is equal to or larger than the upper 
limit A2, the engine braking control is effected according 
to steps Q2-8 through Q2-1 0, so that an engine brake to 
be applied to the vehicle is controlled by the currently 
selected position or speed ratio of the automatic trans- 
mission 26. Namely, the engine brake is controlled by 
shifting the transmission to the appropriate position cor- 
responding to the operator's desired degree of the 
engine brake application. In this engine brake control in 
the operation mode 8 wherein the motor/generator 12 is 
held in the NON-LOAD state, the motor/generator 12 is 
protected from excessive charging and resulting deteri- 
oration of the charging and discharging efficiencies. 

It is also noted that the regenerative brake pro- 
duced by the motor/generator 12 in the regenerative 
brake control according to steps Q2-2 through Q2-6 is 
controlled to be substantially equal to the engine brake 
produced by the engine 10 and controlled by the auto- 
matic transmission 12. Accordingly, the present hybrid 
drive system 8 does not suffer from a difference in the 



drive source brake force due to the selective use of the 
engine brake and the regenerative brake, which differ- 
ence would be undesirable to the vehicle operator who 
does not generally distinguish the regenerative brake 

5 and the engine brake from each other. 

While the presently preferred embodiment has 
been described above by reference to the accompany- 
ing drawings, by way of example only, it is to be under- 
stood that the invention is not limited to the details of the 

10 illustrated embodiment, but may be otherwise embod- 
ied. 

In the hybrid drive system 8 according to the 
embodiment of Fig. 1, the outputs of the engine 10 and 
the motor/generator 12 are synthesized or distributed by 

15 the planetary gear device 14. However, the principle of 
the present embodiment is applicable to various other 
types of hybrid drive system, such as a hybrid drive sys- 
tem according to a second embodiment shown in Fig. 
1 0, which does not include the planetary gear device 1 4 

20 and in which the rotor shaft 12r of the motor/generator 
12 and the engine 10 are directly connected to each 
other 

In the illustrated embodiments, there are available 
four degrees of drive source brake application one of 

25 which is selected by the vehicle operator by operating 
the shift lever 80 placed in the drive source brake posi- 
tion "ET. However, it is possible for the operator to select 
one of five or more different degrees of drive source 
brake application. For the regenerative brake applica- 

30 tion by the motor/generator 12, five or more regenera- 
tive braking data maps corresponding to the different 
degrees are stored in the controller 64. For the engine 
brake application, the actual engine brake force is con- 
trolled in five or more steps, which correspond to 

35 respective combinations of the output of the engine 12 
and the selected speed ratio of the automatic transmis- 
sion 26. In this respect, it is noted that the number of the 
selectable degrees of the regenerative brake applica- 
tion need not be equal to the number of the selectable 

40 degrees of the engine brake application. 

It is to be understood that the present invention may 
be embodied with various other changes, modifications 
and improvements, which may occur to those skilled in 
the art, without departing from the spirit and scope of 

45 the invention defined in the following claims: 

Claims 

1 . An apparatus for controlling a drive source brake 
so force to be applied to a hybrid drive vehicle com- 
prising a drive wheel, a drive power source (10, 12) 
for driving said drive wheel, and a transmission 
(26), said drive power source including an engine 
(10) operated by combustion of a fuel and an elec- 
55 trie motor (12) operated with an electric energy, and 
said transmission (26) being disposed in a power 
transmitting path between said engine and said 
drive wheel, said apparatus comprising: 



12 



3DOCID: <EP 



0800949A2 I > 



23 



EP 0 800 949 A2 



24 



manually operated means (88) for selecting 
one of a plurality of different degrees of applica- 
tion of a drive source brake to said hybrid drive 
vehicle; 

an electric generator (12) driven by a kinetic 
energy of the hybrid drive vehicle to generate 
an electric energy and apply as said drive 
source brake a regenerative brake force corre- 
sponding to the generated electric energy to 
the vehicle; and 

electricity generation control means (64, Q2-4, 
Q2-5, Q2-6) for controlling said electric energy 
generated by said electric generator, depend- 
ing upon the degree of application of the drive 
source brake selected by said manually oper- 
ated means. 



4. An apparatus according to any one of claims 1-3, 
wherein said electric motor and said electric gener- 
ator are provided by a single motor/generator (12), 
which is selectively operated as said electric motor 
and said electric generator. 

5. An apparatus according to any one of claims 1-4, 
wherein said transmission is an automatic trans- 
mission (26) having a plurality of forward drive posi- 
tions having respective different speed ratios, and 
said manually operated means comprises a shift 
lever (88) having a forward drive position for permit- 
ting said automatic transmission to be shifted to any 
one of said forward drive positions, said shift lever 
further having a drive source brake position in 
which said shift lever is operable to designate a 
desired degree of said drive source brake applica- 
tion to the vehicle. 

6. An apparatus according to any one of claims 1-5, 
wherein said transmission is an automatic trans- 
mission (26) whose speed ratio is variable, said 
apparatus further comprising: 

an electric energy storage device (76) for stor- 
ing the electric energy by which said electric 
motor is operated; 

engine brake shift control means (64, Q2-8, 
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An apparatus according to claim 1, wherein said 
transmission comprises an automatic transmission 
(26). 20 



An apparatus according to claim 2. wherein the 
automatic transmission is disposed in a power 
transmitting path between said drive wheel and an 
assembly of said engine and said electric genera- 
tor, said electricity generation control means (64, 
Q2-4, Q2-5. Q2-6) controls the electric energy gen- 
erated by said electric generator while said auto- 
matic transmission is held in a predetermined 
position having a predetermined speed ratio. 
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Q2-9, Q2-10) for shifting said automatic trans- 
mission so as to change the speed ratio thereof 
depending upon the degree of application of 
the drive source brake selected by said manu- 
ally operated means, so that an engine brake 
force which is produced by operation of said 
engine by said kinetic energy of the hybrid 
drive vehicle and which is applied to the hybrid 
drive vehicle through said automatic transmis- 
sion is controlled depending upon the speed 
ratio of the automatic transmission; and 
drive source brake selecting means (64, Q2-1) 
for selectively enabling said engine brake shift 
control means and said electricity generation 
control means to be operated, depending upon 
an amount (SOC) of the electric energy stored 
in said electric energy storage device (76). 

7. An apparatus according to any one of claims 1-6, 
wherein said electric motor and said electric gener- 
ator are provided by a single motor/generator (12) 
which is selectively operated as said electric motor 
and said electric generator, said apparatus further 
comprising: 

an electric energy storage device (76) for stor- 
ing the electric energy by which said electric 
motor is operated; 

a synthesizing/distributing mechanism (14) 
having a first clutch (16), an output member 
(18), a first rotary element (14r) connected to 
said engine through said first clutch (1 6), a sec- 
ond rotary element (14s) connected to said 
motor/generator (12), and a third rotary ele- 
ment (14c) connected to said output member 
(18), said automatic transmission being dis- 
posed between said output member and said 
drive wheel; 

a second clutch (20) for connecting two ele- 
ments of said first, second and third rotary ele- 
ments of said synthesizing/distributing 
mechanism; 

regenerative braking control means (64, Q2-2) 
for releasing said first clutch while engaging 
said second clutch, for permitting said 
motor/generator to be driven as said electric 
generator by said kinetic energy of the vehicle 
to charge said electric energy storage device 
(76) and apply said regenerative brake force to 
the vehicle; and 

engine braking control means (64, Q2-7) for 
engaging said first and second clutches, while 
holding said motor/generator in a non-load 
state, for permitting said engine to be driven by 
said kinetic energy of the vehicle to apply an 
engine brake to the vehicle as said drive source 
brake. 

8. An apparatus for controlling a drive source brake 
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force to be applied to a hybrid drive vehicle com- 
prising a drive wheel, an electric energy storage 
device (76) for storing an electric energy, a drive 
power source (10, 12) for driving said drive wheel, 
and an automatic transmission (26) whose speed s 
ratio is variable, said drive power source including 
an engine (10) operated by combustion of a fuel 
and an electric motor (12) operated with the electric 
energy supplied from said electric energy storage 
device, and said automatic transmission (26) being 10 
disposed in a power transmitting path between said 
engine and said drive wheel, said apparatus com- 
prising: 

manually operated means (88) for selecting 15 
one of a plurality of different degrees of applica- 
tion of a drive source brake to said hybrid drive 
vehicle; 

an electric generator (12) driven by a kinetic 
energy of the hybrid drive vehicle to generate 20 
an electric energy and apply as said drive 
source brake a regenerative brake force corre- 
sponding to the generated electric energy to 
the vehicle; 

engine brake shift control means (64, Q2-8, 25 
Q2-9, Q2-10) for shifting said automatic trans- 
mission so as to change the speed ratio thereof 
depending upon the degree of application of 
the drive source brake selected by said manu- 
ally operated means, so that an engine brake 30 
force which is produced by operation of said 
engine by said kinetic energy of the hybrid 
drive vehicle and which is applied to the hybrid 
drive vehicle is controlled depending upon the 
speed ratio of the automatic transmission; 35 
electricity generation control means (64, Q2-4, 
Q2-5, Q2-6) for controlling said electric energy 
generated by said electric generator, depend- 
ing upon the degree of application of the drive 
source brake selected by said manually oper- 40 
ated means; and 

drive source brake selecting means (64, Q2-1) 
for selectively enabling said engine brake shift 
control means and said electricity generation 
control means to be operated, depending upon 45 
an amount (SOC) of the electric energy stored 
in said electric energy storage device (76). 

An apparatus according to claim 8, wherein said 
automatic transmission (26) has a plurality of for- so 
ward drive positions having respective different 
speed ratios, and said manually operated means 
comprises a shift lever (88) having a forward drive 
position for permitting said automatic transmission 
to be shifted to any one of said forward drive posi- 55 
tions. said shift lever further having a drive source 
brake position in which said shift lever is operable to 
designate a desired degree of said drive source 
brake application to the vehicle. 



10. An apparatus according to claim 8 or 9, further 
comprising: 

a synthesizing/distributing mechanism (14) 
having a first clutch (16). an output member 
(18), a first rotary element (14r) connected to 
said engine through said first clutch (16), a sec- 
ond rotary element (14s) connected to said 
motor/generator (12), and a third rotary ele- 
ment (14c) connected to said output member 
(18), said automatic transmission being dis- 
posed between said output member and said 
drive wheel; 

a second clutch (20) for connecting two ele- 
ments of said first, second and third rotary ele- 
ments of said synthesizing/distributing 
mechanism; 

regenerative braking control means (64, Q2-2) 
for releasing said first clutch while engaging 
said second clutch, for permitting said 
motor/generator to be driven as said electric 
generator by said kinetic energy of the vehicle 
to charge said electric energy storage device 
(76) and apply said regenerative brake force to 
the vehicle; and 

engine braking control means (64, Q2-7) for 
engaging said first and second clutches, while 
holding said motor/generator in a non-load 
state, for permitting said engine to be driven by 
said kinetic energy of the vehicle to apply an 
engine brake to the vehicle as said drive source 
brake. 
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